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(54) Cellulose microspheres and method of manufacturing the same 



(57) A method of manufacturing cellulose micro- 
spheres is proposed which is high in productivity, and 
takes into consideration the safety and environmental 
aspects. The cellulose microspheres are manufactured 
by mixing at least three parts by weight of a water-sol- 



uble polysaccharide with an alkaline cellulose solution 
containing one part by weight of cellulose to prepare a 
minute dispersion in which are formed minute droplets 
made of ceilulose-rich phase, and coagulating and re- 
generating the minute droplets. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] This invention relates to cellulose micro- s 
spheres and a method of manufacturing them. 
[0002] Particles of cellulose and its derivatives (here- 
inafter referred to as "cellulose particles") are used as 
ion exchangers, packing materials for chromatography, 
adsorbents for metal or protein, additives for cosmetics, 10 
carriers for immobilization of biocatalysts and for a va- 
riety of other purposes. 

[0003] Cellulose particles are manufactured in many 
different ways, which are roughly divided into physical 
and chemical methods. 15 
[0004] In one physical method, viscose is extruded 
from a discharge nozzle so that its flow will change from 
a continuous flow to a droplet flow while dropping, and 
dropped into a coagulating/regenerating bath in the form 
of substantially spherical droplets to manufacture re- 20 
generated cellulose particles having a particle size of 
1 6- 1 70 mesh (88-1 1 68 u/n) (examined Japanese patent 
publication 56-21761). 

[0005] In another prior method, cellulose particles are 
manufactured by spraying viscose into hot air to dry it 25 
by use of an atomizer such as a twin-fluid atomizer or a 
rotary nozzle (unexamined Japanese patent publication 

4- 41533). 

[0006] Chemical methods include one comprising the 
steps of suspending viscose in a water-immiscible sol- 30 
vent such as chlorobenzene, solidifying it by heating to 
a temperature of 30-1 00°C while continuously stirring 
the suspension, and acid-treating the thus formed par- 
ticles to manufacture cellulose particles having a parti- 
cle size of 80-1000 jim (examined Japanese patent pub- 35 
lication 57-45254). 

[0007] Also disclosed is a method comprising the 
steps of dispersing viscose in a water-immiscible sol- 
vent such as cyclohexane, preparing a stable W/O type 
viscose emulsion using a surfactant, and reacting the 40 
emulsion with a W/O type emulsion of coagulating so- 
lution prepared by adding a coagulating solution and a 
surfactant to a water-immiscible solvent by mixing them 
together, or blowing an acid gas into the W/O type vis* 
cose emulsion or directly adding a coagulating solution 
into the W/O type viscose emulsion to manufacture cel- 
lulose particles having a mean particle size of 15 urn or 
less (unexamined Japanese patent publication 

5- 200268). 

[0008] There is another method comprising the steps so 
of cutting filaments of cellulose triacetate manufactured 
by dry spinning from a methylene chloride or chloroform 
solution of cellulose triacetate into chips, heating the 
chips in such a medium as silicone oil to melt them, and 
saponifying them to manufacture cellulose particles ss 
having a particle size of 30 to 500 ujti (examined Japa- 
nese patent publication 55-39565). 
[0009] Another prior art method comprises the steps 



of preparing a dispersion of minute viscose droplets by 
dispersing viscose in an aqueous solution containing a 
water-soluble anionic polymer, coagulating the particles 
by heating the dispersion or mixing a viscose coagulant, 
and regenerating the cellulose particles with an acid to 
manufacture cellulose particles having a mean particle 
size of 20 \im or less (examined Japanese patent pub- 
lication 5-76496). 

[0010] The abovesaid physical methods can be car- 
ried out using devices having a simple structure and per- 
mit continuous production, but have a problem in that it 
is difficult to obtain spherical particles because a large 
amount of particles of indeterminate form are produced 
in a sprayed state in which droplets of a cellulose solu- 
tion is dispersed in an air flow, that air bubbles tend to 
mix into the cellulose particles and that the particle size 
distribution tends to be large. 

[0011] In chemical methods in which a water-immis- 
cible solvent is used, the steps of removing the water- 
immiscible solvent and washing the cellulose particles 
are needed to separate the particles formed. Further, 
since an organic solvent is used as the water-immiscible 
solvent, these methods are undesirable from safety, en- 
vironmental and economical viewpoints. 
[0012] On the other hand, the method in which chips 
of cellulose triacetate are melted needs many steps 
such as melting and spinning cellulose triacetate, cut- 
ting it into chips, and melting the chips. Also, the man- 
ufacturing efficiency is thus low. 
[0013] Further, in a method in which a cellulose-rich 
phase is separated as droplets from a liquid mixture of 
viscose and a water-soluble anionic polymer by the in- 
teraction of both components, no complete phase sep- 
aration occurs, i.e. the mixture never separates into one 
phase containing cellulose only and another containing 
water-soluble anionic polymer only. Rather, the mixture 
is simply separated into a cellulose-rich phase and an 
anionic polymer-rich phase under a specific partition co- 
efficient. Thus, there remain water-soluble anionic pol- 
ymers in the cellulose particles obtained. From the fact 
that regenerated cellulose membranes are used as di- 
alysis membranes, it is apparent that it is difficult to re- 
move any water-soluble anionic synthetic polymers, 
which are high in average molecular weight, from the 
cellulose particles by washing. 

[0014] An object of this invention is to provide a meth- 
od of manufacturing cellulose microspheres which is 
free of these problems and high in productivity, and 
which takes into consideration the safety and environ- 
mental aspects. 

SUMMARY OF THE INVENTION 

[0015] According to this invention, there is provided a 
method of manufacturing cellulose microspheres hav- 
ing a particle size of 1-100 urn, the method comprising 
the steps of mixing an alkaline cellulose solution with a 
water-soluble polysaccharide so that the mixture will 
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contain at least three parts by weight of a water-soluble 
polysaccharide and an alkaline cellulose solution con- 
taining one part by weight of cellulose content to prepare 
a minute dispersion in which are formed minute droplets 
made of cellulose-rich phase and coagulating and re- s 
generating the minute droplets. 

[001 6] The total concentration of the cellulose content 
in the alkaline cellulose solution and the water-soluble 
polysaccharide should be 5-30 wt%. The alkaline cellu- 
lose solution may be viscose. w 
[0017] At a concentration higher than a specific level, 
miscibility between the alkaline cellulose solution and 
the water-soluble polysaccharide is so low as to cause 
phase separation under a specific partition coefficient. 
Thus, if a water-soluble polysaccharide is mixed with an 15 
alkaline cellulose solution to give a ratio of at least three 
parts by weight of the water-soluble polysaccharide to 
one part by weight of cellulose content in the alkaline 
cellulose solution, cellulose-rich phase will disperse as 
minute droplets to polysaccha ride-rich phase as a me- so 
dium. The minute droplets of the cellulose-rich phase 
will be spherical in a dispersed state. Cellulose micro- 
spheres close to true spheres can be obtained by coag- 
ulating and regenerating the minute droplets. 
[001 8] Because the cellulose-rich phase and the wa- 25 
ter-soluble polysaccharide-rich phase are separated 
under a specific partition coefficient, minute droplets of 
the alkaline cellulose-rich solution contain water-soluble 
polysaccharide. By coagulating and regenerating the 
minute droplets with an acid, the water-soluble polysac- so 
charide will be acid-hydrolyzed to low-molecular mono- 
mer or oligomer. Thus it becomes easier to remove. 
[0019] Other features and objects of the present in- 
vention will become apparent from the following descrip- 
tion made with reference to the accompanying draw- -35 
ings, in which: 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] 40 

Fig. 1 is a scanning electron micrograph (X900) of 
cellulose microspheres obtained in Example 1; 
Fig. 2 is a scanning electron micrograph (x 10000) 
of the same; 45 
Fig. 3 is a scanning electron micrograph (X1500) 
of cellulose particles obtained in Comparative Ex- 
ample 1; and 

Fig. 4 is a scanning electron micrograph (x 10000) 

of the same. so 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0021] Cellulose microspheres according to this in- ss 
vention are spherical particles having a particle size of 
1-100 u. m and a degree of circularity of 0.90 - 1 .00. 
[0022] The degree of circularity is an index indicating 



how much the particle is close to true sphere. Specifi- 
cally, the degree of circularity is measured by taking an 
electron micrograph of a particle, and calculating the ra- 
tio of the circumference of a circle having the same area 
as the projected area of the particle to the actual circum- 
ference of the two-dimensional picture of the particle. If 
the degree of circularity of a single particle is measured, 
this means that the degree of circularity as viewed from 
only one direction is measured. But by measuring the 
degrees of circularity of a sufficient number of particles 
and averaging the measured degrees of circularity, it is 
possible to determine how close the particles are to the 
true sphere. 

[0023] A method of manufacturing such cellulose mi- 
crospheres according to the present invention is de- 
scribed below. 

[0024] A minute dispersion in which are formed 
minute droplets comprised of a cellulose-rich phase is 
prepared by mixing an alkaline cellulose solution and a 
water-soluble polysaccharide. The alkaline cellulose so- 
lution is a solution in which a cellulose is dissolved in 
form of a derivative or a metal complex in alkaline aque- 
ous medium. Specifically, it may be viscose, cellulose 
cuprammonium solution, or cellulose carbamate solu- 
tion. Among them, viscose is preferable, and viscose 
used for the manufacture of cellophane is more prefer- 
able. 

[0025] The polysaccharide is not limited in kind pro- 
vided it is alkali-soluble, easily acid-hydrolyzable, and 
easily phase-separable when mixed with an alkaline cel- 
lulose solution. Such polysaccharides include starch, its 
derivatives, pullulan, dextran or gum arabic. Among 
them, starch or its derivatives are easily available. 
Starch or its derivatives may be ones derived from 
wheat, potato, corn, tapioca, or else. Chemically, phys- 
ically or biologically modified starch may be used, too. 
Modified starch includes starch hydrolyzates such as 
dextrin, acid-treated starch, oxidized starch or dialde- 
hyde starch; starch ethers such as carboxymethylated 
starch or hydroxyethylated starch; starch esters such as 
monostarch phosphate or acetylated starch; physically 
modified starch such as pregelatinized starch or heat- 
moisture treated starch; or enzyme-treated starch such 
as amy lose. 

[0026] The alkaline cellulose solution and the water- 
soluble polysaccharide are mixed together so that the 
mixing ratio of the water-soluble polysaccharide to cel- 
lulose should be at least three parts by weight, more 
preferably 5-30 parts by weight, to one part by weight of 
the cellulose content in the alkaline cellulose solution. If 
the ratio of polysaccharide to cellulose is too low, large 
particles or particles of indeterminate form tend to form. 
If the ratio is too high, it is difficult to produce cellulose 
microspheres with a small particle size distribution. Al- 
so, production efficiency becomes low. 
[0027] The total concentration of the cellulose content 
in the alkaline cellulose solution and the water-sotuble 
polysaccharide in the minute dispersion should preter- 



ms 



3 



SOOCID: <EP 09242S5A2J_> 



5 



EP 0 924 255 A2 



6 



ably be 5-30 wt%. If the total concentration is lower than 
5 wt%, particles of indeterminate form tend to form. If 
higher than 30 wt%, the viscosity of the minute disper- 
sion tends to be too high to agitate efficiently, thus mak- 
ing the formation of particles difficult. s 
[0028] Method for mixing the alkaline cellulose solu- 
tion and the water-soluble polysaccharide is not limited. 
For example, water-soluble polysaccharide dissolved in 
water or an alkaline solution may be added to an alkaline 
cellulose solution, or water-soluble polysaccharide in a 10 
solid form may be added to an alkaline cellulose solu- 
tion. The order of addition may be reverse to above. Af- 
ter mixing, the mixture may be stirred mechanically by 
use of an ordinary stirrer or mixer. The stirring speed 
has to be sufficiently high. If the stirring speed is not high is 
enough, the number of particles of indeterminate form 
tends to increase, or the particle size distribution of the 
cellulose microspheres tends to widen. 
[0029] At a concentration higher than a certain level, 
miscibility between a cellulose derivative or metal com- 20 
plex in the alkaline cellulose solution and the water-sol- 
uble polysaccharide in solution tends to be so low as to 
cause phase separation under a specific partition coef- 
ficient. Thus, as soon as the alkaline cellulose solution 
and the water-soluble polysaccharide are mixed togeth- 25 
er at a predetermined ratio and stirred, phase separation 
to cellulose-rich phase and polysaccharide-rich phase 
will occur. The cellulose-rich phase, which is lower in 
content, will disperse in the form of minute droplets. In 
a dispersed state, the minute droplets of the cellulose- so 
rich phase become spherical. Thus, cellulose micro- 
spheres close in shape to true spheres can be obtained 
by coagulation and regeneration, which will be de- 
scribed below. 

[0030] The shape and particle size of the minute 35 
droplets , i.e. the shape and particle size of the cellulose 
microspheres obtained by the below-described coagu- 
lation and regeneration can be controlled by adjusting 
the combination of an alkaline cellulose solution and a 
water-soluble polysaccharide, the mixing ratio of the eel- 40 
lulose content of the alkaline cellulose solution and the 
water-soluble polysaccharide, their total concentration 
and the stirring conditions of the minute dispersion of 
the alkaline cellulose solution and the water-soluble 
polysaccharide, etc. The particle size obtained by this 4S 
method is 1 -1 00 um Particles of less than 1 jim are rare- 
ly obtained. Particles larger than 100 u.m are not prefer* 
able because such particles tend to be low in the degree 
of circularity. 

[0031] Since the alkaline cellulose solution and the so 
water-soluble polysaccharide solution have their specif- 
ic partition coefficients, minute droplets of the cellulose- 
rich phase contain water-soluble polysaccharide. 
[0032] In order to coagulate the minute droplets, a co- 
agulant may be used. The coagulant may be an organic ss 
solvent such as ethanol or acetone, a saline solution 
such as calcium salt, an inorganic acid such as hydro- 
chloric acid or sulphuric acid, or an organic acid such as 



acetic acid. If viscose is used as the alkaline cellulose 
solution, it can also be coagulated by heating. If an acid 
is used for coagulation, the cellulose which is present in 
the alkaline cellulose solution in the form of a derivative 
or a metal complex, is regenerated at the same time by 
decomposition of a derivative or a metal complex. This 
is preferable because reaction is simplified and thus the 
cost is low. Also, if an acid is used for coagulation, it is 
possible to acid-hydrolyze the water-soluble polysac- 
charide contained in the minute droplets of cellulose- 
rich phase. This reduces impurities in the cellulose mi- 
crospheres obtained. 

[0033] After the above steps, the cellulose micro- 
spheres formed are separated from the mother liquor, 
water-washed and dried if necessary. They may be 
seperated from the mother liquor by filtering or centrif u- 
gation. Further, if viscose is used as the alkaline cellu- 
lose solution, desulfurization by sodium sulfide or 
bleaching by sodium hypochlorite may be carried out if 
necessary. 

[0034] The cellulose microspheres obtained may 
have a smooth surface or have fine ciliary members on 
the surface (as shown in Figs. 1 and 2) according to the 
mixing ratio of the alkaline cellulose solution and the wa- 
ter-soluble polysaccharide and the stirring conditions. If 
fine ciliary members are on the surface, the surface area 
of the cellulose microspheres increases. This leads to 
increased adsorption capacity if used as packing mate- 
rials for chromatography or an adsorbent. The degree 
of circularity of microspheres having ciliary members 
varies with the state of the ciliary members. Thus, the 
degree of circularity should be measured as micro- 
spheres having no such ciliary members. This can be 
done by removing by graphic treatment the ciliary mem- 
bers that appear on the microspheres in the two-dimen- 
sional picture. Like smooth-surfaced microspheres, par- 
ticles in which the ciliary members were removed should 
preferably have a degree of circularity of 0.90-1.00. 
[0035] In the manufacturing steps, if a pore-forming 
material is added to the alkaline cellulose solution, po- 
rous cellulose microspheres are produced. Preferably, 
a carbonate such as calcium carbonate should be used 
as the pore-forming material because pores can be 
formed simultaneously with coagulation and regenera- 
tion of cellulose if an acid is used as the coagulant. 
[0036] Examples of the invention are described be- 
low. 

[0037] In the following description, it is to be under- 
stood that the notation indicates weight percent. 
Particle sizes were measured by a laser scattering par- 
ticle size distribution analyzer. 

[Example 1] 

[0038] A 23% starch solution was prepared by adding 
7.2 g of soluble starch (purchased from Nacalai Tesque) 
to 24.4 g of a 6% aqueous solution of sodium hydroxide 
while stirring at room temperature and completely dis- 
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solving it. To the solution thus formed was added 8.4 g 
of viscose for manufacturing cellophane (cellulose con- 
centration: 9.5 %, viscosity: 5000 centipoise, value of 
ammonium chloride: 6, alkali concentration: 6%). The 
mixture was stirred at room temperature to produce a 
minute dispersion in which minute droplets of cellulose- 
rich phase were dispersed, having a cellulose concen- 
tration of 2 % and a starch concentration of 18 % 
(cellulose : starch = 1 :9). 2N sulphuric acid was added 
to the minute dispersion to coagulate and regenerate 
the cellulose. The regenerated cellulose thus obtained 
was separated by use of a glass filter and water-washed 
to obtain cellulose microspheres. Figs. 1 and 2 show 
scanning electron micrographs of the thus obtained cel- 
lulose microspheres. 

[0039] As shown in the scanning electron micro- 
graphs, the cellulose micropheres obtained were true 
spheres and had a median size of 9.0 u.m and a degree 
of circularity of 0.95. 

[0040] The degree of circularity was measured by 
measuring the projected area of the microsphere in the 
scanning electron micrographs, calculating the ratio of 
the circumference of a circle having the same area as 
the projected area to the actual circumference of the mi- 
crosphere on the scanning electron micrographs, and 
averaging the ratios for more than 20 microspheres. For 
cellulose microspheres having ciliary members on the 
surface as shown in Fig. 2, the ciliary members were 
removed by graphic treatment before measurement. 

[Example 2] 

[0041] Cellulose microspheres were manufactured in 
the same manner as in Example 1 except that 7.2 g gum 
arabic (purchased from Nacalai Tesque) was used in- 
stead of soluble starch. 

[0042] The cellulose microspheres obtained were 
true spheres and had a median size of 11.1 u.m and a 
degree of circularity of 0.96. 

[Example 3] 

[0043] Cotton linter as a cellulose material was dis- 
solved in a cuprammonium solution to prepare a cellu- 
lose cuprammonium solution having a copper concen- 
tration of 4.0%, an ammonium concentration of 9.8% 
and a cellulose concentration of 5.7%. Cellulose micro- 
spheres were manufactured in the same manner as in 
Example 1 except that the cellulose cuprammonium so- 
lution was used instead of viscose. 
[0044] The cellulose microspheres obtained had a 
spherical form and had a median size of 8.4 urn and a 
degree of circularity of 0.92. 

[Control 1] 

[0045] Instead of soluble starch, a 10% polyacryla- 
mide solution (purchased from Nacalai Tesque) was 



mixed with viscose used in Example 1 to prepare a 
mixed dispersion containing 1% of cellulose and 9% of 
polyacrylamide. The mixed dispersion was stirred at 
room temperature and 2N sulphuric acid was added 
s thereto to yield regenerated cellulose. Figs. 3 and 4 
show scanning electron micrographs of the thus regen- 
erated cellulose. 

[0046] As is apparent from the scanning electron mi- 
crographs, the regenerated cellulose obtained was of 
10 indeterminate form and no spherical particles were ob- 
tained. 

[0047] Further, polyacrylamide was found remaining 
in the regenerated cellulose by 15% (to the regenerated 
cellulose). 
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[Control 2] 



[0048] A viscose-starch mixture dispersion was pre- 
pared in the same manner as in Example 1 except that 

20 the cellulose concentration was 6.7% and the soluble 
starch concentration was 13.3%. 
[0049] When the mixed dispersion was observed un- 
der an optical microscope, no cellulose-rich phase was 
found to be dispersed in a starch-rich phase. Also, in the 

25 regenerated cellulose produced in the same manner as 
in Example 1 , no spherical particles were found. 

[Results] 

30 [0050] In Examples 1-3, completely spherical cellu- 
lose microspheres were obtained. 
[0051] in contrast, in Control 1 in which polyacryla- 
mide as a water-soluble polymer was used instead of 
water-soluble polysaccharide, no spherical particles 

35 were obtained. In Control 2, too, no spherical particles 
were obtained because the mixing ratio of the cellulose 
content and the water-soluble polysaccharide was not 
appropriate. 

[0052] According to this invention, by properly select- 
40 ing the mixing conditions of the alkaline cellulose solu- 
tion and the water-soluble polysaccharide, completely 
spherical cellulose microspheres can be produced with 
extreme ease. 

[0053] Since a water-soluble polysaccharide is used, 
4 & it is possible to prevent any water-soluble polysaccha- 
ride from remaining in the cellulose microspheres by ac- 
id-hydrolysis. 
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1 . A method of manufacturing cellulose microspheres 
having a particle size of 1-100 urn, said method 
comprising the steps of mixing an alkaline cellulose 
solution with a water-soluble polysaccharide so that 
the mixture will contain three parts by weight of a 
water-soluble polysaccharide and an alkaline cellu- 
lose solution containing one part by weight of cellu- 
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lose content to prepare a minute dispersion in which 
are formed minute droplets made of cellulose-rich 
phase, and coagulating and regenerating said 
minute droplets. 

5 

2. The method as claimed in claim 1 wherein the total 
concentration of the cellulose content in said alka- 
line cellulose solution and said water-soluble 
polysaccharide is 5-30 wt%. 

10 

3. The method as claimed in claim 1 or 2 wherein said 
alkaline cellulose solution is a viscose. 

4. Cellulose microspheres having a particle size of 
1-100 urn, having fine ciliary members formed on is 
the surface, and having a degree of circularity of 
0.90-1.00 when said fine ciliary members are re- 
moved. 

20 
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